The genus Pseudonocardia was proposed by Henssen (1957) for mycolate-less, nocardioform actinomycetes that contained meso-diaminopimelic acid, arabinose and galactose in the peptidoglycan (a type IV cell wall ; Lechevalier & Lechevalier, 1970) and currently contains 11 validly described species : Pseudonocardia alni, Pseudonocardia asaccharolytica, Pseudonocardia autotrophica, Pseudonocardia compacta, Pseudonocardia hydrocarbonoxydans, Pseudonocardia halophobica, Pseudonocardia petroleophila, Pseudonocardia saturnea, Pseudonocardia spinosa, Pseudonocardia sulfidoxydans and Pseudonocardia thermophila (Henssen & Scha$ fer, 1971 ; Reichert et al., 1998) . Recently, a new member of the genus Pseudonocardia, Pseudonocardia kong juensis, was proposed (Lee et al., 2001) . ' Pseudonocardia nitrificans ', which was described as a new species of this genus by Warwick et al. (1994) , was shown to be a strain of P. alni on the basis of 16S rDNA sequence and physiological properties (Lee et al., 2001) . The genus Pseudonocardia is morphologically characterized by the formation of well-developed vegetative and aerial mycelium, from which spore chains are produced by acropetal budding or fragmentation. It also has meso-diaminopimelic acid, arabinose and galactose in the cell wall (a type IV cell wall composition ; Lechevalier & Lechevalier, 1970) , tetrahydrogenated menaquinone with eight isoprene units [MK-8(H % )] as a major menaquinone, a DNA GjC content of 68-79 mol %, no mycolic acids, and a phospholipid type PII (phosphatidylethanolamine or its derivatives as a diagnostic phospholipid) or PIII (phosphatidylcholine) pattern, according to the species (Lechevalier et al., 1981 
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Pseudonocardia forms a distinct lineage within the radiation of the family Pseudonocardiaceae (Warwick et al., 1994 ; Reichert et al., 1998) . However, our recent study shows that members of the genera Pseudonocardia and Actinobispora (Jiang et al., 1991) of the family Pseudonocardiaceae are intermixed on the basis the 16S rDNA sequences (Lee et al., 2000a) .
During the taxonomic study of soil actinomycete isolates, strain LM 141 T was recovered from a soil sample from a gold mine cave near Kongju City, Korea. The present investigation was designed to establish the taxonomic characterization and classification of this organism. Phenotypic and genotypic data show that this strain should be recognized as a new species of the genus Pseudonocardia, for which the name Pseudonocardia spinosispora sp. nov. is proposed.
Strain LM 141 T was isolated by the dilution plating of a soil suspension on tap-water agar (Lee, 1996) . The soil sample was collected from a gold mine cave located in Kongju City, Korea. The isolate was maintained on yeast\malt-extract agar (medium 2 of the International Streptomyces Project) (Shirling & Gottlieb, 1966) at 4 mC and glycerol suspension (20 %, v\v) at k20 mC. The isolate was lyophilized for longterm storage and maintained at the Institute of Microbiology, Seoul National University (IMSNU), Korea as IMSNU 50581 T . The following Pseudonocardia species were used for the comparison : P. alni
sulfidoxydans DSM 44248 T (l IMSNU 22143 T ) and P. thermophila IFO 12133 T (l IMSNU 20112 T ). P. spinosa JCM 3136 T was purchased from the Japan Collection of Microorganisms (JCM). Biomass for chemical analysis was obtained by growing isolate LM 141 T in a standing culture of trypticase soy broth (BBL) for 14 days at 30 mC. P. spinosa was grown in yeast\starch agar (yeast extract, 0n2 % ; soluble starch, 1 % ; agar, 1n5%; pH 7n 3) for 21 days at 30 mC. The other Pseudonocardia reference strains were cultivated in shake flasks of trypticase soy broth (BBL) for 3 days at 30 mC. After harvesting, the cells were washed twice with distilled water and stored at room temperature by freeze-drying before use.
The cell morphology of isolate LM 141 T was observed by light and scanning electron microscopy of 14-day cultures grown on inorganic salts\starch agar (International Streptomyces Project medium 4 ; Difco). The ornamentation of the spore surface was determined by using a Stereoscan model 260 scanning electron microscope. Physiological characteristics were investigated as described previously (Lee et al., 2000b) .
Analysis of the isomer of diaminopimelic acid (A # pm), the acyl type of muramic acid, whole-cell sugars, mycolic acids, fatty acids and phospholipids in strain LM 141 T was performed as described previously (Lee et al., 1999) . All the reference strains, except P. spinosa, were also subjected to phospholipid analysis. For genomic characterization, strain LM 141 T was grown in a standing culture of YD (0n1 % yeast extract, 0n1% glucose) broth for 14 days at 30 mC. The cells were harvested by filtration, washed twice with distilled water, then stored at 4 mC before DNA extraction. After the cells had been disintegrated several times with small beads, the genomic DNA was extracted and purified by the previously described method (Lee et al., 2000a) . The GjC content of the genomic DNA was determined by HPLC, as described previously (Mesbah et al., 1989) .
The 16S rDNA sequence of strain LM 141 T was determined as described previously (Lee et al., 2000b) and initially compared with those of all the representatives of the families Pseudonocardiaceae and Actinosynnemataceae of the class Actinobacteria by using the   program (Thompson et al., 1997) . The aligned sequences were further optimized by manual comparison with the Escherichia coli sequence. The final phylogenetic tree was generated on the basis of those of members of the genera Pseudonocardia and Actinobispora with Amycolatopsis albidoflavus (AJ252832). The evolutionary distances were calculated by the method of Jukes & Cantor (1969) and the phylogenetic tree was constructed by the neighbourjoining method of Saitou & Nei (1987) contained in the  package of Felsenstein (1993) . The sequences were also subjected to parsimony analysis using the  program for Macintosh computers (Swofford, 1998) . The topologies of the resulting trees were evaluated by bootstrap analysis of the data with 1000 resamplings. Evolutionary trees were displayed using version 1.5 of the  program of Page (1996) .
Chemotaxonomic and molecular systematic data indicate that strain LM 141 T belongs to the genus Pseudonocardia. An almost complete 16S rDNA sequence determined for isolate LM 141 T (1512 nucleotides) was initially compared with all of the representatives of the families Pseudonocardiaceae and Actinosynnemataceae. Strain LM 141 T fell within the radiation encompassing members of the family Pseudonocardiaceae. An abbreviated phylogenetic tree ( Fig. 1) showed that strain LM 141 T formed a distinct lineage within the radius of the genera Pseudonocardia and Actinobispora of the family Pseudonocardiaceae. Phylogenetic analysis using the parsimony method generated similar tree topologies. The 16S rDNA sequence of isolate LM 141 T also showed the sets of 16S rDNA signature nucleotides previously proposed for the family Pseudonocardiaceae (Stackebrandt et al., 1997) and the genera Pseudonocardia-Actinobispora (Lee et al., 2000b) . The exceptions were 139-224 (U-A) nucleotide pairs and the 1336 (C) nucleotide.
Pseudonocardia spinosispora sp. nov. This evolutionary relationship of isolate LM141 T is well reflected in the cell chemistry, most of which is in agreement with that of the genus Pseudonocardia, in that it has a type IV cell wall composition (containing meso-diaminopimelic acid, arabinose and galactose ; Lechevalier & Lechevalier, 1970) , an N-acetylated type of muramic acid and MK-8(H % ) as the predominant menaquinone. The phospholipid profiles of isolate LM 141 T showed that it contains phosphatidylcholine, phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside, phosphatidylmethylethanolamine, hydroxy-phosphatidylethanolamine and an unknown phospholipid (the type PIII pattern of Lechevalier et al., 1981) . The combination of the chemical markers supports the view that strain LM 141 T belongs to the genus Pseudonocardia and can be differentiated from members of all other genera having a type IV cell wall (Embley, 1992 ; Jiang et al., 1991 ; Tamura et al., 1995 ; Kim & Goodfellow, 1999) .
Sequencing of the 16S rDNA has provided a rapid and precise way of determining the taxonomic position of the environmental isolate (Lee et al., 1999) . Phylogenetic analysis (Fig. 1) indicates that strain LM 141 T occupies a distinct place within the radiation encompassing the genera Actinobispora and Pseudonocardia of the family Pseudonocardiaceae. Our previous study (Lee et al., 2000a) suggested the unification of the genera Actinobispora and Pseudonocardia on the basis of the combination of 16S rDNA-based phylogenetic clustering and the presence of 16S rDNA signature nucleotides consistent for both genera, as well as the coherence of most chemical markers. The nucleotide sequence of strain LM 141 T shows substantial differences from the corresponding sequences of members of both genera. Pairwise comparison of 1441 unambiguous nucleotide positions reveals that isolate LM 141 T has levels of 16S rDNA sequence similarity ranging from 94n8 to 96n3 % with the type species of the genus Pseudonocardia, and ranging from 94n9 to 96n9 % with the type species of the genus Actinobispora, showing that the isolate may constitute a new phylogenetic nucleus within the genus Pseudonocardia. The nearest phylogenetic neighbour was P. asaccharolytica (the level of sequence similarity being 95n5 %). However, this relationship was supported by only a low bootstrap value (39 %). P. compacta, P. hydrocarbonoxydans, P. kong juensis, P. petroleophila, P. saturnea and P. thermophila), whereas the other group possesses nitrogenous phospholipids (a type PII pattern) in the polar lipid profiles and is composed of P. asaccharolytica, P. halophobica and P. sulfidoxydans (Embley, 1992 ; Reichert et al., 1998 ; Lee et al., 2001 ; this study). Strain LM 141 T is distinguished from the nearest phylogenetic neighbour, P. asaccharolytica, in that the isolate contains phosphatidylcholine as a diagnostic phospholid.
Members of the genus
In addition to molecular systematic data, isolate LM 141 T can be readily differentiated from members of the validly described Pseudonocardia species by using a combination of morphological (Fig. 2) , cultural and physiological characteristics (Table 1) . Strain LM 141 T is morphologically similar to the type strain of P. spinosa, in that both organisms have non-motile, spiny spores, whereas all the other type strains of the genus Pseudonocardia are morphologically characterized by the presence of non-motile, smooth spores. P. spinosa, which was originally proposed by Henssen & Scha$ fer (1971) , was listed in the approved lists of bacterial names (Skerman et al., 1980) , but it was thereafter reported that the culture of P. spinosa is no longer viable and was therefore unavailable for further study (Embley, 1992) . However, the type strain of P. spinosa is still maintained only in one of the public culture collections, i.e. the JCM. The aerial mycelium of strain LM 141 T was well developed, and fragmented into rod-shaped elements (approx. 0n54i2n25 µm). The spore surfaces were covered with numerous spines (Fig. 2) . The vegetative hyphae were sparse or absent on most agar media used. As the culture aged, the reverse of the colony was a deep brownish colour. The mat-like mass structures were produced on the surface of liquid culture broth. These morphological and cultural characteristics of P. spinosa had been previously described in detail (Henssen & Scha$ fer, 1971 ). Strain LM 141 T differed morphologically from P. Acid produced from :
spinosa in that the cells of the isolate did not produce a zig-zag-shaped morphology and a yellow pigment, and it showed growth only in standing culture but not in shake culture ; P. spinosa did not grow in liquid culture, only on agar plates.
The physiological profile differentiating isolate LM 141 T from the reference strains of the genus Pseudonocardia is shown in Table 1 . With respect to the reference strains, P. spinosa had been previously characterized for a few physiological characteristics, such as the absence of growth at 37 mC and the ability to hydrolyse casein and starch (Henssen & Scha$ fer, 1971 ). In our study, the type strain of P. spinosa showed a negative response for all of the physiological characteristics tested when the 14-day cultures obtained from yeast\ starch agar plate were used as inoculum sources (Table  1) . The other reference strain of the genus Pseudonocardia, P. assacharolytica, also produced negative results for most of the characteristics. The exception was acid production from 1,2-propanediol, which had not been described previously (Reichert et al., 1998) . The physiological properties of both species are very similar. However, isolate LM 141 T is readily distinguished from its nearest phylogenetic neighbour, P. assacharolytica, and the spiny spore-producer P. spinosa in terms of acid-production profiles from carbohydrates and enzyme activities such as H # S production and urease. The genotypic and phenotypic data show that isolate LM 141 T forms a new nucleus of taxonomic variation within the genus Pseudonocardia. It is proposed that the isolate be recognized as a new species of the genus Pseudonocardia, namely Pseudonocardia spinosispora sp. nov.
Description of Pseudonocardia spinosispora sp. nov.
Pseudonocardia spinosispora (spi.no.si.spohra. L. adj. spinosus thorny ; Gr. fem. n. spora seed ; N.L. fem. n. spora spore ; N.L. fem. n. spinosispora thorny spore). Aerobic, Gram-positive, non-acid\alcohol-fast. Catalase-positive. Urease-positive. Nitrate is reduced to nitrite. Growth occurs between 4 and 30 mC. Growth does not occur at or above 37 mC. H # S production is observed. Forms a white aerial mycelium that fragments into spiny, rod-shaped spores. Substrate mycelium is sparse or absent on most media used. Growth occurs only in standing culture but not in shake culture. Produces acid from -arabinose, -fructose, -glucose, -mannose, -rhamnose, -xylose, adonitol, meso-erythritol, glycerol, meso-inositol and -xylitol. Does not decompose adenine, hypoxanthine, -tyrosine or xanthine. Does not produce acid from -cellobiose, -galactose, -lactose, maltose, -melezitose, melibiose, methyl α--glucoside, methy α--mannoside, -raffinose, salicin, -sorbose, sucrose, -trehalose, 2,3-butanediol, dulcitol, -mannitol, 1,2-propanediol or -sorbitol. Does not hydrolyse casein, gelatin or starch. Growth does not occur on 3 % NaCl. Type III phospholipid pattern (phosphatidylcholine is a diagnostic phospholipid). The fatty acid profiles contain i-C "' : ! (33n8 %), i-C "& : ! (13n8 %), i-C "( : ! (10n0 %), C "( : " (9n5 %), i-C "' : " (7n4 %), i-C "( : " (7n2%) and C "' : " (6n0 %) acids. A small amount of 10-methyl branched fatty acids (10Me-C "' : ! , 2n7 %, and 10Me-C "( : ! , 1n3 %) is also detected, but tuberculostearic acid or hydroxy fatty acids are not present. The GjC content of the DNA is 70n4 mol %. Isolated from soil from a gold mine cave near Kongju City, Korea. The type strain is strain LM 141 T (l IMSNU 50581 T l KCTC 9991 T l NRRL B-24156 T ).
